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Abstract
Background The coronavirus SARS-CoV-2 is highly contagious. Hydroxychloroquine (HCQ) has in vitro activity against
SARS-CoV-2. The FDA authorized emergency use of HCQ against COVID-19. HCQ may have dose-related cardiotoxicity.
This clinical trial received ethical approval onMay 15, 2020, operationalized in June to evaluate a low prophylaxis dose of HCQ
(200mg BID) in household contacts of COVID-19-positive patients without physical contact between investigators and partic-
ipants. It represents the first report of the FDA approved 6-lead EKGs with a smartphone KardiaMobile® 6L application.
Methods To reach a sample size of 170, household members were contacted by telephone, emailed consent forms with electronic
signature capability, and randomized 2:1 to HCQ or observation for 10 days with follow-up of 14 days. Home saliva PCR tests
recorded COVID status on days 1 and 14. Symptoms and 6-lead EKGs were obtained daily.
Results Fifty-one participants were randomized with 42 evaluable at day 14. Remote monitoring of 407 EKGs revealed no QTc
prolongation or other ECG changes in either group. At time of consent, no participants were symptomatic or COVID+. On days 1
and 14, COVID tests were positive in 4 and 2 in the HCQ group and 4 and 0 in the observation group. No tests converted to
positive. There were no deaths or hospitalizations.
Conclusions A clinical trial without personal contact, rapidly initiated and operationalized to exclude cardiac toxicity using daily
remote 6-lead EKG monitoring, is feasible. Of 407 EKGs from 42 participants, there was no evidence of cardiac toxicity.
Clinical trial registration Clinicaltrials.gov: NCT04652648 registration date: December 3, 2020
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1 Introduction

The world remains consumed by the COVID-19 pandemic
caused by coronavirus SARS-CoV-2 [1]. The virus produces

significant morbidity and mortality and is highly contagious
[2]. The first patients with COVID-19 infections were admit-
ted to the hospitals of the Main Line Health System in
March 2020. The admission rate quickly rose to over 30
cases/day by the end of the month. At that time, the virus
was known to spread mainly by respiratory droplets [3] with
a median incubation period of approximately 5 days [4].
Infection rates in contacts of active COVID-19 patients were
estimated as high as 50–75%, but many patients remained
asymptomatic [5], complicating assessment.

Vaccines are the ultimate solution to COVID prevention.
Providing vaccines globally has been a challenge. Wearing
appropriate masks and physical distancing remain an effective
means of preventing SARS-CoV-2 transmission. Chloroquine
derivatives have been proposed as preventative agents against
the virus, expanding their well-known prophylactic role
against malaria parasites [6]. There are reports of the in vitro
activity of several drugs against SARS-CoV-19, which in-
clude hydroxychloroquine (HCQ) [7–12]. A proposed
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mechanism of action was elevation of the pH of acidic intra-
cellular organelles inhibiting membrane fusion and viral entry
[9].

Fortunately HCQ was readily available thus allowing a
study to test efficacy of oral HCQ prophylaxis of household
contacts of COVID-19 positive patients. A US Food and Drug
Administration (FDA) emergency use authorization of HCQ
to treat COVID-19 was also in effect allowing many patients
to be treated outside formal study protocols, without standard-
ized dosing and without systematic data collection to address
safety and efficacy. At the time, N-95 masks and hospital beds
were in critically short supply, and many potential enrollees
were quarantined at home and/or reluctant to travel to a hos-
pital or outpatient center for screening, enrollment, and re-
quired studies. Thus this study was conducted entirely without
physical contact to protect spread in general but specifically
toward health care providers.

Studies conducted without personal contact have become
more common with the continued development of connected
medical devices [13–15]. These studies were always planned
well in advance of trial initiation. In this trial, the mandate to
avoid personal contact posed unique challenges for both in-
vestigators and potential participants, with limited time for
implementation and recruitment. Obtaining informed consent
remotely was particularly challenging during the COVID-19
pandemic. This was partly related to the large volume of con-
stantly changing publicly available information onCOVID-19
drug treatment and prophylaxis. SARS-CoV-2 self-testing at
home also relied on the availability of an assay newly ap-
proved by the Food and Drug Administration. Reliable ship-
ping services to deliver study drug and to deliver and return
coronavirus test kits within a specified timeline were also
critical.

Cardiac involvement by SARS-CoV-2 was becoming evi-
dent [16], and HCQ was known to prolong QTc and trigger
arrhythmias [17]. This was more often seen at higher doses of
HCQ, frequently with concomitant azithromycin use, and in
COVID-19-positive, hospitalized patients [18]. Thus,
obtaining high-quality EKGs for participants on-treatment
and for those in the control group in the home setting was
critical. EKGmonitoring via smartphone or smartwatch appli-
cations [19] has become commonplace, and large-scale stud-
ies have been conducted to validate the performance of these
devices [20]. However, not all devices are approved for as-
sessment of clinical trial endpoints including QTc measure-
ments. Shortly before the start of this trial, the FDA granted
emergency use author iza t ion for the use of the
KardiaMobile® 6L device [21] for remote QTc assessments
(Fig. 1). Enrollees in this trial were likely to be technology-
naive regarding smartphone-facilitated EKG monitoring, ne-
cessitating the need for remote training [22–24]. Maintaining
data privacy while using remote monitoring was a concern
[25]. The FDA has provided guidance on the use of medical

devices during the COVID-19 public health emergency [26],
stressing the safety of participants and confidentiality of data.

2 Methods

Study design The Institutional Review Board of the Main
Line Health Hospitals, Wynnewood, Pennsylvania, approved
an open-label trial randomizing participants 2:1 to HCQ
200 mg orally twice a day for 10 days or to observation; both
groups were followed for a total of 14 days. SARS-CoV-2
PCR testing was conducted at enrollment and then 14 days
later. Participants were questioned regarding possible
COVID-19 symptoms at five timepoints during the 14-day
study. The primary endpoints were the development of
COVID-19 symptoms with a positive coronavirus PCR test
by day 14, the development of a positive coronavirus PCR test
without symptoms by day 14, hospital admission by day 14,
death by day 14, and EKG evidence of cardiotoxicity in both
the HCQ group and the observation group.

Inclusion and exclusion criteria Hospitalized patients with
positive COVID-19 nasal PCR tests were identified by infec-
tious diseases physicians. Permission was obtained to contact
their household members.

Specific inclusion criteria Exposure to a COVID-19-infected
individual in the same household within 5 days of diagnosis;
age >18 years; ability to give informed consent to participate
in a clinical study; ability to swallow oral medications; and
access to a smartphone.

Exclusion criteriaAllergy or intolerance to HCQ (Plaquenil®);
weight less than 85 lb; eye disease affecting the retina; severe
kidney or liver disease; G6PD-deficiency; porphyria; long
QTc EKG abnormality or family history of long QTc abnor-
mality and other major EKG abnormalities; taking medica-
tions that can affect the QT interval including flecainide, ami-
odarone, digoxin, procainamide, propafenone, sotalol, quini-
dine, dofetilide, levofloxacin, ciprofloxacin, azithromycin,
erythromycin, amitriptyline, doxepin, desipramine, imipra-
mine, fluoxetine, sertraline, venlafaxine, quetiapine, haloperi-
dol, droperidol, thioridazine, ziprasidone, furosemide, suma-
triptan or zolmitriptan, cisapride, arsenic, dolasetron, or meth-
adone; current pregnancy; current hospitalization; symptom-
atic with fever or cough; and lack of access to a smartphone.

Informed consent Consent from individuals meeting enroll-
ment criteria was obtained by telephone and documented by
electronic signing of IRB-approved consent and HIPAA au-
thorization forms. A baseline health and symptom question-
naire was administered by telephone by the study coordinator
upon enrollment. Participants were told to maintain self-

346 J Interv Card Electrophysiol (2022) 63:345–356



quarantine as per public health department orders for contacts
of COVID-19 cases.

Home coronavirus testing A saliva RNA PCR test for
COVID-19 recently approved by the FDA was chosen as less
uncomfortable and easier to perform as a home technique
comparedwith nasal swab-based tests. After informed consent
was obtained, home SARS-CoV-2 saliva rapid tests (Accurate
Diagnostics Lab, South Plainfield, NJ, USA) were shipped to
enrollees with instructions for sample acquisition and ship-
ping using prepaid envelopes on day 1 and day 14.

Home EKG monitoring KardiaMobile® EKG monitoring
software (AliveCor, Mountain View, CA) (Fig. 1) was
downloaded by study enrollees to their smartphones. A 6-
lead hardware monitoring pad for attachment to the phone
was shipped to each enrollee’s household. Instructions were
provided by the clinical study coordinator to submit an EKG
tracing 1 h before taking the first dose of study drug and then
approximately 2 h after that dose and then daily. For individ-
uals in the observation group, a single EKG tracing was re-
quired daily.

The KardiaMobile® device is capable of obtaining either a
single-lead tracing or a six-lead tracing. The tracing is record-
ed for the time period defined by the settings on the Kardia
smartphone application. The tracing is automatically saved,
downloaded in pdf format, and emailed for interpretation to
the cardiologist study investigator. Quality of the EKGs
depended upon the enrollee’s ability to complete the required
steps, which resulted in both good quality and poor quality
EKGs (Figs. 2, 3, 4). The steps were reviewed in detail with
participants whose EKGswere of poor quality. Enrollees were
to be contacted for any QTc duration >450 ms or a change of
60 ms from baseline at which time study drug (if applicable)
was to be discontinued. Daily temperatures, daily EKGs, reg-
ular follow-up questionnaires, and the 14-day saliva SARS-
C0V-2 test were still to be done. All tracings were
downloaded for subsequent blinded analysis. As a safety

measure, if five or more participants demonstrate QTc dura-
tions of > 450 ms, the study would be stopped.

Blinded review After initial EKG review by the cardiolo-
gist study investigator for the safety endpoints, the
EKGs were subsequently evaluated by a blinded review-
er for the following: quality, rate, PR interval, QRS
interval, QTc interval, and any other baseline abnormal-
ities. EKGs were determined of poor quality if they did
not demonstrate an isoelectric baseline for three or more
consecutive beats or demonstrated ambiguous or low
amplitude (<1mV) T-waves. If quality limited evaluation
of a measurement, the measurement was not used.
Evaluation for upper limb lead reversal was conducted.
Rate was determined by average heart rate over a 30-s
time interval. All leads were visually inspected to deter-
mine the lead with the longest QT interval. Using the
selected lead, at least three measurements of the QT
interval were made, the longest of which was recorded.
The QT segment endpoint was determined by the max-
imal slope intercept of the T wave. The Framingham
formula was used to obtain QTc. All EKGs were eval-
uated on a computer using the program ImageJ. This
allowed pixel measurements be obtained and converted
to appropriate time measurements. Each pixel would
equate to a time of 4–5 ms depending on the resolution
of the image. If there was difficulty, then hand measure-
ments with printed EKGs and calipers were conducted
to ensure precision

Study drug HCQ (Plaquenil®) 200 mg tablets were donated
by Advanz Pharma, Bannockburn, IL. Size of the tablet and
labeling of the medication as Plaquenil® precluded a double-
blinded, placebo-controlled trial. Drug was stored in the Bryn
Mawr Hospital Pharmacy, Main Line Health System, and dis-
pensed to enrollees based on a computer-generated randomi-
zation table. All members of the same household who chose to
participate in the study were randomized to the same group.

Fig. 1 KardiaMobile® EKG display on smartphone with sensor below and sensor placed on leg with both thumbs in position
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Twenty HCQ 200 mg tablets for each enrollee in the treatment
arm were shipped using United Parcel Service (UPS) over-
night delivery.

Clinical monitoring of enrollees and telephone support net-
work Study participants were instructed to record their tem-
perature twice a day. A follow-up questionnaire documenting

symptoms related to COVID-19 infection and potential ad-
verse drug reactions was administered by the study coordina-
tor on days 1, 4, 7, 10, and 14. A 24-h call number to reach a
study investigator and or the Office of Research Protections,
Main Line Health System was provided. Enrollees were
instructed to contact their personal physicians and the study
coordinator if any symptoms developed.

Fig. 2 Good quality ECG indicated by consistent isoelectric baseline and similar, well-defined T waves
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Participants’ protected health information was maintained
securely on study laptop computers in encrypted files. The
goal was a sample size of 170 participants.

3 Results

There were 483 potential household members of COVID-19
patients contacted by telephone or e-mail. No response was

received from 209 (43.3%), 90 (18.6%) declined to partici-
pate, 32 (6.6%)were not household contacts of the COVID-19
positive cases, and 34 (7%) did not meet inclusion criteria or
had already tested positive for SARS-CoV-2. In addition, 40
(8.3%) were excluded because of incompatibilities in tele-
phone, e-mail, language, or comprehension; 4 (0.8%) were
outside time window for enrollment; 11 (2.3%) had
preexisting health conditions that disqualified them; and 9
(1.9%) were under age 18 years.

Fig. 3 Poor quality ECG indicated by low voltage of T wave and significant variation of its terminal point between beats
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Initially 54 (11.2%) of individuals approached consented to
participate; 3 withdrew prior to randomization (Fig. 5).

Table 1 summarizes the characteristics of the 51 who
were randomized. The average age was 49.6 years for
the 31 in the HCQ arm versus 42.9 years for the 19 in
the observation arm. Hypertension was the most com-
mon underlying medical condition, but one individual in
the HCQ arm reported a history of arrhythmia prior to

taking the drug, and one in the observation arm had
mild mitral regurgitation associated with paroxysmal
atrial fibrillation. Concomitant medications were docu-
mented for both groups; 12 participants in the HCQ
arm and 10 in the observation arm were not receiving
any regular medication. Fifty-one participants out of a
total of 483 potential were randomized between early
June and to the end of September 2020; 32 were

Fig. 4 Poor quality ECG tracing indicated by significant motion artifact leading to poor isoelectric baseline. Additionally noted is an intraventricular
conduction delay
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assigned to the HCQ treatment arm. Of these 7 with-
drew prior to completion, with 25 completing the study.
Nineteen were randomized to the observation arm; 2
withdrew prior to completion, leaving 17 who complet-
ed. Of the nine participants who withdrew, none expe-
rienced adverse events.

Two individuals from the HCQ study arm declined HCQ
but agreed to EKG monitoring and follow-up surveys. Their
EKGs were analyzed as part of the observation group. The

protocol required 15 EKGs in the HCQ and 14 in the obser-
vation arms. The mean number of EKGs acquired per enrollee
was 9.6. Quality of the tracings was generally good with the
majority having measurable PR, QRS, and QTc intervals, and
an average of 2.4 EKGs per participant had EKGs of poor
quality. Twenty-five of the 42 individuals had at least
one EKG without a measurable QTc and six of the 42
participants had EKGs that were incomplete but with a
measurable QTc. It was not clear whether deficient

n = 483. Pa�ents or family member of pa�ents contacted

n = 90. Declined to par�cipate

n =209. No response to phone calls and/or email 

n = 34. All household contacts ineligible, already COVID-19 (+)

n = 40. Incompa�ble phone, no email, inability to understand, 
non-English speaking

n = 32. No household contacts of COVID-19 (+) pa�ent

n = 9. Underage household contacts

n = 54. Consented to par�cipate

n = 3. Withdrew prior to randomiza�on

n = 32. Randomized to HCQ n = 19. Randomized to observa�on

n = 25. Completed study

n = 11. Exclusionary pre-exis�ng health condi�ons 

n = 4. Outside �me window for eligibility

n=2. Withdrew from study
prior to comple�on

n= 17. Completed study

Fig. 5 Enrollment, consent, and randomization process for study
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EKGs were related to the individual’s technical ability
or the quality of the transmission line.

A total of 407 EKGs were obtained from the 42 enrollees
completing the study. There was not a single EKG with QTc
prolongation meeting the study stopping criteria. In addition,
there were no changes in PR interval or QRS duration.

The most frequent lead used for interpretation was lead II
62% (254/407), followed by lead I 27% (111/407), lead III 4%
(16/407), and leads avF 3% (13/407) and avR 3% (13/407).
Limb lead reversal was noted in 17.1% (69/403) of the EKGs
from 21 participants without negatively impacting on the in-
terpretation. One individual had an incomplete right bundle
branch block, and one had an intraventricular conduction de-
lay. Both conditions were present on baseline EKGs with no
change during the study. Three participants had sinus tachy-
cardia (HR 101–109/min). In two participants, these occurred
in a single tracing without recurrence. In the third case, the
increased sinus rate was observed in three successive daily

tracings. A single individual was diagnosed with transient
atrial fibrillation (which had preexisted) and had been ran-
domized to receive HCQ but did not receive the medication.
The participant was withdrawn from the study together with
her family members at their request, all of whom had negative
COVID-19 PCR tests on day 1.

Figure 6 illustrates the mean PR interval on any given day
which was between 144–159 ms in the HCQ group and 138–
158 ms in the observation group. The mean QRS interval on
any given day was between 72–81 ms in the HCQ group and
80–88 ms in the control group. The mean QTc interval on any
given day was between 323–383 ms in the HCQ group and
376–390 in the observation group.

Thus, there was no evidence of cardiac toxicity in either
group from the 407 EKGs evaluated.

Figure 7 summarizes the clinical symptoms and COVID-
19 (SARS-CoV-2 saliva PCR) status pretreatment on day 1
and at study end day 14 of the 42 participants who completed

Table 1 Baseline characteristics
and medications of study
participants

HCQ arm Observation arm

Age in years Range 22–78 29–84

Male n (%): 15/32 (47%) 5/19 (26%)

Hypertension n (%): 5/32 (16%) 2/19 (11%)

History of arrhythmia n (%): 1/32 (3%) 0

Heart murmur n (%): 1/32 (3%) 0

Factor XI deficiency n (%): 2/32(6%) 0

PAF/mild MR n (%): 0 1/19 (5%)

History of thrombi n (%): 0 1/19 (5%)

Diabetes (type 2) n (%): 2 /32 (6%) 0

Concomitant medications:

Participants taking no concomitant medications n (%): 12/32 (38%) 10/19 (53%)

Statins n (%): 4/32 (13%) 3/19 (16%)

Antihypertensives n (%): 7/32 (22%) 2/19 (11%)

Anxiolytics 5/32 (16%) 4/19 (21%)

Antidepressants 2/32 (6%) 7/19 (37%)

Antihistamines n (%): 4/32(13%) 0

Analgesics 4/32 (13%) 2/19 (11%)

Immunosuppressants 6/32 (19%) 0

Alpha-1 blockers n (%): 1/32 (3%) 0

Anticoagulants n (%): 1/19 (5%)

Antiplatelet agents n (%): 1/32 (3%) 1/19 (5%)

Anorectics n (%): 1/32 (3%) 0

Stimulants n (%): 4/32 (13%) 0

Anti-additives n (%): 0 1/19 (5%)

Anti-diabetic n(%): 2/32(6%) 0

Antivirals n (%): 1/32(3%) 0

Hormone replacement n (%): 4/32 (13%) 0

Anti-allergic n (%): 1/32(3%) 0

Anti-GERD n (%): 1/32 (3%) 0

Bronchodilators n (%): 1/32 (3%) 0
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the study. There were two enrollees who were assigned to the
HCQ arm but refused drug. They completed other study re-
quirements and were evaluated in the observation group.
Seven enrollees had symptoms consistent with COVID-19
during the 2-week study period, while the remainder were
asymptomatic. Two participants continued to experience
symptoms on D14. Both were assigned to HCQ. Eight indi-
viduals had positive SARS-CoV-2 saliva tests at baseline.
Two remained positive at day 14. No individuals converted
from negative to positive over the 14-day study interval. There
were no deaths or hospital admissions.

4 Discussion

This study demonstrates that despite being conceived and op-
erationalized during the peak of the COVID-19 pandemic, it is
possible to design and execute a virtual clinical trial

incorporating cardiac safety monitoring. Enrollment in the
study was significantly impacted by the local intensity of the
COVID-19 pandemic and publicity regarding the use of HCQ
for coronavirus SARS-CoV-2 treatment and prevention and
the optimal dose to use. Ultimately, study events were insuf-
ficient to determine HCQ benefit or safety in preventing
symptomatic or asymptomatic COVID-19 infections in
household contacts of active COVID-19 patients. There were
no deaths or serious adverse outcomes. However, remote
screening and enrollment of eligible individuals and the use
of a newly introduced home diagnostic testing for the virus
and home use of smartphone software and hardware for EKG
monitoring were successful. After initial training on the mo-
bile EKG application, support and education for ensuring par-
ticipant compliance with ongoing real-time monitoring and
tracing quality was achieved and is recommended for future
studies and clinical application. It is also critical to emphasize
the importance of investigator availability for technical

Fig. 6 Daily EKG interval measurements in observation and HCQ groups
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support. This is also the first time that the use of a remote 6-
lead EKG device (KardiaMobile® 6L device) has been report-
ed in a pandemic research setting. Prior published studies of
COVID-19 have used portable EKG monitoring devices sole-
ly in the inpatient setting [27] or as a one-time validation of the
QT intervals as measured by Apple SmartWatches® com-
pared with standard 12-lead EKGs in a variety of treatment
settings [28]. There is one case report of a COVID-19 patient
monitored at home via an Apple Smartwatch® [29]. The 6-
lead device proved to be advantageous over its single-lead
counterparts by providing additional leads for EKG analysis:
Single-lead devices are only capable of providing information
from lead I, but nearly 73% (296/407) of the EKGs in our

study were felt to have more reliable and accurate interval
measurements in leads other than lead I.

Of interest is the recently published Barcelona
Postexposure Prophylaxis Study against SARS-CoV-2
(BCN-PEP-CoV2) [30]. The efficacy and safety of
hydroxychloroquine at a single dose of 800 mg followed by
400mg daily for 6 days were compared to usual care. The goal
was to prevent PCR-confirmed and/or symptomatic COVID-
19 and SARS-CoV-2 infection in contacts exposed to PCR-
positive patients. The efficacy outcome was PCR-confirmed,
symptomatic COVID-19 disease. The incidence in the HCQ
and usual care group was similar (5.7 vs 6.2%, respectively).
No treatment-related serious adverse events were reported in
either the HCQ or usual care groups. In comparison, our study

Fig. 7 COVID-19 saliva test results and symptoms in study participants
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included a rigorous EKG component with daily 6-lead EKGs
on all analyzed patients, thereby excluding electrophysiolog-
ically related abnormalities. The dose of HCQ was lower
(200 mg BID) and the duration longer (10 days).

5 Future directions

We believe that larger scale studies with remote monitoring
will be possible. Future trials might be conducted during other
communicable outbreaks such as seasonal influenza but also
more generally in clinical trials. Further study of the 6-lead
remote smartphone monitoring application and hardware in-
cluding optimal timing and frequency of use would increase
applicability in other settings.
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